Meira siamensis sp. nov., a novel anamorphic ustilaginomycetous yeast species isolated from the vetiver grass phylloplane Abstract Two strains, DMKU-LV83 and DMKU-LV85, of a novel yeast species were isolated from the phylloplane of vetiver grass collected in Thailand by plating of leaf washings. Analysis of the sequences of the D1/D2 region of the large subunit (LSU) rRNA gene showed that the two strains represent a single novel species and most closely related to Meira miltonrushii. However, the novel species differed from the type strain of M. miltonrushii (MCA 3882 T ) by 5.5 % nucleotide substitutions in the D1/D2 region and 8.9 % nucleotide substitutions in the ITS region. The phylogenetic analysis based on the D1/D2 region of the LSU rRNA gene confirmed the placement of the novel species in the Meira clade and its close affinity with M. miltonrushii. Therefore, the species Meira siamensis sp. nov. is proposed. The type strain is DMKU-LV83 T (=CBS 12860 T =BCC 61180 T ). The GenBank/EMBL/DDBJ accession numbers for the sequences of the D1/D2 region of the LSU rRNA gene of strains DMKU-LV83 T and DMKU-LV85 are AB820868 and AB831105, respectively. That for the ITS region of strain DMKU-LV83 T is LC191395, The Mycobank number for Meira siamensis f.a., sp. nov. is MB 818723.
The genus Meira Boekhout, Scorzetti, Gerson and Sztejnb was first proposed [1] to accommodate two anamorphic species, namely Meira geulakonigii and Meira argovae. M. geulakonigii was assigned as the type species. Analysis of the D1/D2 region of the large subunit (LSU) rRNA gene placed this genus in the subclass Exobasidiomycetidae although it seems to have no affinity to the other genera within the families of the order Exobasidiales. Later, analysis of the three rRNA loci including the LSU rRNA gene, the small subunit (SSU) rRNA gene and the internal transcribed spacer (ITS) region supported placement of the genus Meira within the family Brachybasidiaceae in the order Exobasidiales [2] . Interestingly, these investigators suggested that species of the genus Meira can be found as endophytes of many plant species on the basis of examination of the sequences produced by numerous environmental studies. In 2015, the phylogenetic analysis based on seven genes including three nuclear rRNA genes, the D1/D2 region of the LSU rRNA gene, the ITS (including 5.8S RNA) and the SSU rRNA gene, and four protein-coding genes, two RNA polymerase subunits (RPB1, RPB2), translation elongation factor 1a (TEF1) and mitochondrial cytochrome b (CYTB), confirmed the placement of the genus Meira in the order Exobasidiales [3] . In this phylogenetic tree the genus Meira was clustered with the other genera in the order Exobasidiales of the class Exobasidiomycetes. In the same study, the phylogenetic tree based on the analysis of the D1/D2 region of the LSU rRNA gene and the combined sequences of the D1/D2 region of the LSU rRNA gene and ITS region (including 5.8S rRNA gene) confirmed placement of the genus Meira in the order Exobasidiales. At present, there are four accepted species in the genus Meira. They are M. geulakonigii, M. argovae [1] , M. nashicola [4] and M. miltonrushii [2] .
The phylloplane, or phyllosphere, means the surfaces of the above-ground parts of plants, which is dominated by leaves. Therefore, it usually refers to the external surface of plant leaves. It has been recognized as an important habitat for epiphytic microorganisms [5] . Both basidiomycetous and ascomycetous yeasts have been found to be phylloplane colonizers [6] [7] [8] [9] . In Thailand, in recent years yeasts in phylloplane have been investigated by both culture-dependent and culture-independent methods [10] [11] [12] [13] . From these investigation various novel species were proposed from the epiphytic strains isolated from phylloplane such as Hannaella phetchabunensis (from corn) [14] , Papiliotrema siamense (from sugarcane) [15] , Metschnikowia lopburiensis (from rice) [16] and Nakazawaea siamensis (sugarcane) [17] . However, no novel species of the genus Meira has been detected.
To investigate yeasts and yeast like fungi in the phylloplane of vetiver grass (Vetiveria zizanioides) in Thailand, 15 composite samples (each sample composed of a few leaves from the same grass) of green and undamaged leaves of vetiver grass were collected in 2012. Yeasts were isolated from the surfaces of the vetiver grass leaves by plating of leaf washings [18] . In brief, cut leaf fragments were aseptically placed in 0.85 % saline solution and shaken on a rotary shaker at room temperature (27±3 C) for 1 h. Then, an aliquot of the washing solution was spread on yeast extractmalt extract (YM) agar (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone and 2.0 % agar) supplemented with 0.025 % sodium propionate and 0.02 % chloramphenicol and incubated at room temperature until yeast colonies appeared. Yeast colonies of different morphologies were selected and purified by cross streaking on YM agar. Yeast cultures were identified on the basis of molecular taxonomy by analysis of the D1/D2 region of the LSU rRNA gene sequence. The sequences of the D1/D2 region of the LSU rRNA gene and the ITS region (including the 5.8S rRNA gene) were determined from PCR products amplified from genomic DNA, using primers NL1 and NL4 [19] , and ITS1 and ITS4 [20] , respectively. The methods for DNA extraction and amplification of the D1/D2 region of the LSU rRNA gene and the ITS region were as described previously [21] . The PCR product was purified by HiYield Gel/PCR DNA Fragments Extraction Kit (RBC Bioscience) according to the manufacturer's instructions. The purified productions was sequenced commercially by Macrogen (Seoul, Republic of Korea) using the same primers. The sequences were then edited and assembled as a complete sequence and aligned by CLUSTALW, which is included in MEGA, version 7 [22] . The phylogenetic trees were constructed using the neighbour-joining method [23] and the evolutionary distances were computed using the Kimura's two-parameter method [24] . Confidence levels of the clades were estimated from bootstrap analysis with 1000 replicates [25] .
A total of 25 yeast strains were obtained from 15 vetiver grass samples. Identification revealed that 18 strains belonged to five known yeast species including four species in the phylum Basidiomycota, Microbotryozyma collariae (two strains), Papiliotrema laurentii (one strain), Pseudozyma hubeiensis (seven strains) and Rhodotorula paludigena (one strain), and one species in the phylum Ascomycota, Saturnispora silvae (seven strains). One strain showed identical sequences of the D1/D2 region to Rhodotorula sp. APSS 907 (FM957567) and could be a candidate novel yeast species. The other six strains represented three novel yeast species. Three strains had already been proposed as Pseudozyma vetiver [18] and this has been transferred to the genus Kalmanozyma as K. vetiver [3] . One strain of a novel species was closest to Candida sorbophila CBS 6739 T (KY106773). Two strains DMKU-LV83 T and DMKU-LV85 represented a single novel species that will be described in this study. DMKU-LV83 T and DMKU-LV85 were isolated from the phylloplane of two vetiver leaf samples collected from different vetiver grasses in Mueang district, Ratchaburi pro-vince, Thailand on 4 August 2012. The strains of the novel species were characterized morphologically, biochemically and physiologically by the standard methods [26] . Basidiospore formation was investigated for individual strains or strain pairs on 5 % malt extract agar, YM agar and corn meal agar at 20 and 25 C for up to 3 weeks. Carbon assimilation tests were conducted using liquid medium. Assimilation of nitrogen compounds were examined in liquid media with starved inocula as described by Kurtzman et al. [26] . Growth at various temperatures was determined by cultivation in YM broth. Ubiquinones were extracted from cells cultivated in a 500 ml Erlenmeyer flask containing 250 ml yeast extract peptone glucose (YPG) broth (1 % yeast extract, 2 % peptone and 2 % glucose) on a rotary shaker at 28 C for 72 h, extracted and purified according to the methods described by Yamada and Kondo [27] and Kuraishi et al. [28] . Isoprenologues were identified by HPLC as described previously [21] .
NOVEL SPECIES DELINEATION AND IDENTIFICATION
Analysis of the D1/D2 region of the LSU rRNA gene revealed that in term of pairwise sequences similarity the sequences of the two strains, DMKU-LV83 T and DMKU-LV85, were identical and most closely related to Meira miltonrushii MCA 3882 T (JX432962) but differed by 5.5 % nucleotide substitutions (34 nucleotide substitutions and 25 gaps out of 613 nucleotides). DMKU-LV83 T differed from M. miltonrushii MCA 3882 T (JX432963) by 8.9 % nucleotide substitutions (43 nucleotide substitutions and 100 gaps out of 483 nucleotides) in the ITS region. Phylogenetic analysis based on the sequences of the D1/D2 region of the LSU rRNA gene further demonstrated that the two strains were in the same position and clustered with the other four known species of the genus Meira (M. argovae, M. geulakonigii, M. miltonrushii and M. nashicola), but were not conspecific with any of the species of the genus Meira with validly published names (Fig. 1) . Consequently, we concluded that the two strains, DMKU-LV83 T and DMKU-LV85, represent a single novel species of the genus Meira. Growth on potato dextrose agar: After 7 days at 25 C, colonies are round, finely velvety pruinose, light-brown and with an eroded margin. Whereas cells are cylindrical with rounded ends to fusiform (1.0-2.3Â3.9-6.7 µm) and occur singly ( Fig. 2a) . Budding is polar. Blastoconidia are formed on sterigma-like structures. Pseudohyphae are formed on PDA after 6 days at 25 C (Fig. 2b) . No mating reaction or sexual structure was observed in cultures of individual strains or strain pairs on 5 % malt extract agar, YM agar and corn meal agar at 20 and 25 C for up to 3 weeks. Ballistoconidia are absent. Fermentation is absent. D-Glucose, Dgalactose, D-xylose, sucrose, maltose, trehalose, cellobiose (weak), melibiose, raffinose, melizitose, erythritol (delayed), D-glucitol, D-mannitol, galactitol (slow), D-glucono-1,5-lactone (delayed), succinate and citrate (delayed) are assimilated and L-arabinose, D-arabinose, L-rhamnose, methyl a-D-glucoside, lactose, salicin, inulin, soluble starch, myoinositol, 2-ketogluconate, 5-ketogluconate, D-gluconate, Dglucuronate, D-galacturonate, DL-lactate, methanol, ethanol and xylitol are not assimilated, while L-sorbose (weak), Dribose (weak), glycerol (weak) and ribitol (weak), are assimilated or not assimilated, depending on the strain. Ammonium sulfate is assimilated but potassium nitrate, sodium nitrite, ethylamine HCl, L-lysine, cadaverine and creatine are not assimilated. Growth in vitamin-free medium is weak. Growth on medium containing 50 and 60 % glucose, 10 % sodium chloride/5 % glucose (weak) is present, but is absent in 16 % sodium chloride/5 % glucose. Growth with 0.01 % cycloheximide and 0.1 % cycloheximide is absent. Growth at 15, 20, 25 and 30 C is present. Formation of acid is negative. Diazonium blue B colour and urease reactions are positive. The major ubiquinone is Q-7. The type strain is DMKU-LV83 T , which was isolated from the phylloplane of vetiver grass collected in Mueang district, Ratchaburi province, Thailand. The type stain has been as deposited as the holotype, permanently preserved in a metabolically inactive state, in the CBS collection of the Westerdijk Fungal Biodiversity Institute, Utrecht, the Netherlands as CBS 12860 T (=BCC 61180 T ).
In practice, M. siamensis sp. nov. can be distinguished from the most closely related species, Meira miltonrushii, not only by the analysis of the sequences of the D1/D2 region of the LSU rRNA gene and the ITS region, but also by some phenotypic characteristics (Table 1) . M. siamensis sp. nov. dose not assimilate L-arabinose, D-arabinose, potassium nitrate, sodium nitrite, ethylamine HCl, L-lysine and cadaverine whereas M. miltonrushii does. The novel species differed from the other three species of the genus Meira with validly published names with respect to various phenotypic characteristics ( Table 1) .
Among four species of the genus Meira, M. miltonrushii was proposed from a strain isolated from the external surface of magnolia leaf collected in Los Angeles, USA [2] while the other threespecies with validly published names were obtained from plants and organisms associated with plants. M. geulakonigii and M. argovae were described based on the strains isolated from mite-infested plants in Israel [1] , whereas, M. nashicola was proposed from the strains isolated from a necrotic spot on a pear fruit and bamboo collected in Japan [4] . In this study the two strains of the novel species, M. siamensis, were isolated from the phylloplane of vetiver grass. Therefore, plants and organisms associated with plants seem to be natural habitats for yeasts of this genus. However, M. siamensis is rarely found in the phylloplane. 
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